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In  a paper by A. E. M. Geddes, published in the 
Quarterly Journal of the Royal MPteorologicnl Society, 
,4pril,1915, volume .tl,pp. 123-135, pilot-balloon observa- 
tions a t  the Observatory, King's College, Aberdeen. are 
discussed particularly with reference to wind vdues aloft, 
in relation to the p d i c n t  wind. The rates of mceut of 
the balloons are given, however, and t,abulated according 
to the kind of cloud in mhich the balloon was lost. 

I n  the rage of strato-cumulus clouds, it is st,ated t.liat 
for corresponding lifting powers the upwttrcl velor4 t,ies 
were gent,er tl1a.n on clear dags. (Cf. footnote t on p. 
233.) No sudden increase, however, was obwrvecl on 
passing into the cloucl. 

-4 sudden increase in u ward velocity was observed in 
all cnses hut- one where t. E e balloon ~~assecl into cuniulus 
clouds. I n  one of these flights, the balloon rose at, a rat:e 
of 6.3 meters er second iiiimediately before passing into 
the cumulus c 'i oud. This gives a rate of 3 2  meters per 
miniit.e, which is not. murh rliflerent. from t.he high rat,t! 
noted n t  Fort Monroe on June 13, 191s. 

With fracto-cumulus cloiids there was a siitltlen rise at. 
t,he base of thecloud. This snt lde~  increase wmnobsolarge 
as in the car;e of cumulus clouds. 

ITit,Ii st,rntus clouds there was a fairly uniform vertirnl 
relocity with no remarl~alde increase on ent.ering the cloud. 

111 ronvlusion, it. is st,at.erl that "in making observat.ims 
wit,!i one theodolite i t  consequent~l~~ becomes incuniheilt. 
on t.he observer to t,ake note not only of the free lift. of his 
ba.lloon, hit, a.lso t.0 s t d y  the t,ype of cloud into whit-h his 
balloon is likely to disappear, nnd the tendency of tlw 

barometer, before assigning any definite vertical veloc.ity. 
Even then the aasurnption of a iiniforin verticnl velocity 
is apt t,o round off corners and bring the condit.ion of the 
at.mosphere int.0 a more ideal st&e than it. really is. 
When a consirlerable altitude is rear*hed, sa.y over 3 
kilomet.ers, surface influencer will have disa.ppcared, and 
the one-theodolite met,hocl may be sixperior t o  the other, 
seeing that the base is often small compared with the 
distance the balloon has tmveled." * * * * * 

J n  many instances t.liere is not any sudden increase in 
ratbe of asvent when the halloon passes into cumulus 
clouds. This does not prow, however, that such vertical 
movements do not esist. Wit,h two theodolites the 
balloon is oftmen lost a t  one station two or even five 
minutes before i t  is lost in or behind the cloiid a t  the 
other station. The number of cases in which t,he balloon 
nct,uallp disappears in the cloud a t  hot.11 stations a t  the 
same time is comparntively mid.  Consequently it may 
he that, in many instances the balloon passes behind the 
ciloud or het.ween two clouds. 

In conclusion, it may he said t.liat inasmuch as i t  is 
often necessary to observe a halloon wit,h only one 
t.licorlolit~e or t.0 continlie a.11 observation when the 
bdloon is lost t.0 one observer, it  is necessarv to make a 
careful inspwt,ion of clouds hefore conchiding that the 
drift of the balloon as plotted represents the movement of 
the wind. A consitlerable departure of t9he actual from 
the comput.etl rat.e mill, with one-theodolite ohservations, 
produce a serioiis error in the wind dRt,a detluced. 

THE WOBK OF THE AEBOQRAPHIC SECTION OF TEE NAVY.l 

By Lielit. Commander ALEXANDER h k h I E ,  I T .  8. N. R. F., Senior derographic Officer. 

[Dated: Harvard Vnlversity, Blue Hlll Obaervatorp. Resrlville. Mass., Mar. ?i. 1019.1 

Early in January, 1918, t,he Assist.nnt Secretary of t.ho 
Nrtx-y ssked Prof. McAdie to superrise the. organization 
of an aerogaphic section in the Navy. Enrollinu as 
lieut tmmt commander in t.he Reserve $"orce, this o&cer 
reported t.o Capt,. N. E. Irwin, Vnitecl States Nav ,, Di- 
rector Naval Aviat,ion 0pernt.ions. He sailed for d r o p e  
early in April, accom anied by eight aerographic officers 
to take over certain o \ servations in t'he British Isles and 
Franc.e. 

Instruction in meteorology had been given in a general 
way a t  a number of naval itir st.ations, but c1efinit.e work 
in aer~graphy,~ similar t.0 that, carried on a t  British, 
French, and ft.alinn air schools, mag be said t.0 have had 
its beginning on December 3, 191i, when the first, group 
of students who had finished t,he course. in the Ground 
Sc,hool a t  t,he 1nstitut.e of Techidogy, re ort.ed at, Blue 

aerograph7. To aid in the rapid estahlishnient of the 
serricc, Lieut. W. F. Reed, jr., also gave considerable 
prnct.icd and theoretical instruction atr Pelhum Bay, 
N. T., during January, February, and March, 1918. A 
knowledge of t,he struct.ure of t,he atmosphere, the relabion 
of wind and pressure, t.he variat,ion of wind with height, 
eddy motion, t.urhu1enc.e in relation to gust.iness, t>he use 
of sounding and pilot balloons, forecitsting for aviat.ors 
a t  foreioli and home st,ations, and some familiarit.? wit.11 
the WOI% of modern investigators-Dinos, Shaw, Rotch, 
Gold, Cme, Taylor, and others-were regarded as neces- 
sary. As t,he instrunient,nl equipment. of the obsermt,ory 

Hill 0bservat.org for an intensire course o r instruct.ion in 

_-________ ~ ____ ___ 
1 Puhlkhed by permission 01 the Secretsrv 01 the Navy. 
1 **Aerugraphy' as here used is practicall< rn~onymous with **meteorology "except. 

that it iinpliea that the main emphasis or the work hrd to do with Ires-& condi- 
tiOllS.-I!klToIL. 

includes many Europertn inst.ruments not' found elsewhere 
in this count.ry, stuclrnts had opport.unit,y to familiarize 
themselves wit.h such inst,rument.s. The work was upon R 

post.pa.duats basis a.nd the men entering were required 
to holcl unirersit,y degrees or possess a training equivalent 
to t,hat. required for a degree at. t,he MnssnchusetDs Insti- 
tute of Technology. I n  all 56 men took t,he course. 
These (wit.h t.he ssception of four) received their com- 
inissioiis 8.s c.nsigns. Twent.y-eight American universi- 
t.ies or colleges wore reprcsent.cd. Of t.he wholo number 
2" hac1 forci- n service. 

Throiigli 8ie courtesy of the British Admiralty, officers 
upon th& arrivd in Europe were perniit.ted. t.o $end two 
weeks at, se.ler.t.ed air st,at,ions, and t.hus get in t,ouch with 

The British Aclmnirtilty also kindly agreed to furnish 20 
complete 0utfit.s for aerographic observatories (see Fig. 2, 
opposite p. 237, below). 

Many of t.he officers were elected Fellows of the Royal 
Meteorologicd Society and while in London were made 
welcome at, the library and offices of t,he society. We 
were also made to feel ata home in tho Met.eorologica1 
Oflice and wero allowed t.1w privilege of h i n g  in the 
Forecast Rooni when work was in progress. It. must be 
remembered that. at this h i e  all weat.hrr information 
was confident.ia1. Harmonious relations were main- 
t.2iine.d with the Air Service of t.he Army in France. 
Lieut. Commander McAclie and Maj. B o u ~  had many 
conferences n t  thn Bureau Cent,rul M6tBorologiquc, and 
received every courtesy from t,he direct,or, Prof. A. Angot. 

By this cooperation, the Navy aerographers on the 
consts of Ireland, England, and France becnnlc part of 

lat,est de\~tdopment~s. 
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the receiving and distribut,ing network of weat.her-report- 
iiig stations. Reports from sea, however, were scant, 
owing to the ban upon the use of radio. 

At  each observatory, when in full working order, there 
\r.ere two aerogaphir: officers and sis quartermssters, 
class A, aerographir. C!omniantling officers c.dd thus 
call for iiifornintion and advice n t  any hour of tlie tlt~y 
or iiigllt. Soiiclnges a t  Some iniport,ri..nt cc)tl.st stations 
were talien every two hours. Me.liy coiiiineiich tury re- 
ports hnve been iiiitcle rega.rding tltc sei.\+-e in r~l11ct:- 
tion with t.he operation of both lighter-than-air nnd 
liertvier-than-air machines. Particularly in connec tivl? 
with the successful operation of blimps wiis the value ot 
wind directions a.nd velocities a t  clitieren t levels appnren t. 
At some stations the number of hours of patrol increilsed 
decidedly after the estnblishmen t of the aernpsphic 1tb- 
servatory. In  addition to surface ancl flying . l e ~ ~ l .  wincls, 
the aeroga her was expect.ed to forecast visiblllty alii1 

gustiness, changes in the lapse rate (verticnl grdit.iit ) 
of tempernture as well as horizontal gradienbs, llenvy 
rains, likelihood of snuw a t  high levels, frosts, a ~ : d  .SII:- 
face teni wrnture inversions were regrlrded as sul)Jec.t.:; 
bearing c 1 irertly upon the snfet,y of i-1iei-s aiid tlleret'ort? 
to be noted and investigated with all clili elite. 

closely tlie methods of tlie British observeis in the Hy- 
drographic Department of the Admiralty, but j n k'ranco 
they soon disca.rded the old English units and also nicicli- 
fied materially the methods of work. Many good sug- 
gestions came frum various members both in the field and 
a t  home. 'ilie two-t!ieoddi te metlicd originally u s i d  n. t  
Blue Hill was soon displaced by talx o ~ ~ e - t ~ ~ i ~ o d i ~ ~ l i t ~  
method of fc~llnwing pilot hdlnone, niiil n'liilo it is itilly 
recognized that this iii~tliiid is open to critkiem, i t  is 
quick and worked fitirly well in actual opcration. Sevcrul 
rapid methods of c.nlc.uls tion were designed by the ofliwrs 
a t  Blue Hill. All of these ca.n not he clescrihecl here, but 
those of Ensigns Dary, Twi trhell, ancl Mall were success- 
fully tried out. Innsinurli tis a short review of sonw of 
these metliods liiay be of interest to others u:orliilip in 
this field, I nplwnh a 1iot.e by Eiisign Mall, whirah, while 
not describing his own cu t.vmatirr device, gives briefly 
the cardinal mints of tlie Davy Rnpicl C!alcul:ttiir aiicl 
the Twitchell t ec tor .  An esteiiclecl 11% >er on tlie subject 

given here. hnsigns Townsliencl, Parsons , a.nd Davy tic- 
Figned an autnmatic balance for use in fillin hnlloons, 

free liIt and dead weight. Ensign Ruf<eyher de- 
sigiiec @vilY a cage for n.pprosimatt4y cleterniiiiing free iift, for 
use where other methods coulcl not apply. 

Some studies of the depth of the sen breeze in the East 
Gulf were made hp Lieut. Reed a t  tlie Pens:acola stn.tion. 

During the absence of Prof. McAdie abroad, tlie follow- 
ing lectured to tlie classes: Cliiof Observer L. A. Wells, 
Ensi ns Kepser, Buck, Townshencl, navy ,  Parsons, IIlnll, 

foreign stations after the return cjf the senior aerogrnphic 
officer to the United Stat'es. 

Eighteen stations were estddishecl in France, six in  
Ireland, and two in Italy. An account of the equipping 
and instrumental work in tlie United States is given in 
the following note by Commander Jewell. 

especially a il velation fogs and sea fogs. Thunderstorms 

At first, American naval aerographers 7 ollo~ccl ra tlier 

. 

has been prf: )arecl by Ensign Twit.,. Pl id , but  ran not be 

and f CuICeyser. Lieut. R. F. BaiTatt was in charge of 

WORK OF TEE NAVAL OBSERVATORY IN CONNECTLON 
WITH NAVAL AEROGBAPHY. 

Ry Commander C. T. JEWELL, I T .  P. N., Retired. 

Commnnlcatcd Iiv the Superintendent, N a ~ d  Observatory, Washington, Mar. 14,lQlQ.l 

Tlie Nzxvnl Observatory's proper function in the 
tlc.vcli tpmrnt of aerog;.aphy wns  the procurements and 
ir..;ut: of huitdsle imtruments. This mas pccom lished 
iindcr tlic supc!.iiitenrlriic.i-- of Rcnr Atlliiiral T. B. I P oward, 
IT. S. N., rehcrl. 

Wlim the policy of estahli+hing naval fh-ing stmations 
a t  lionit? n n t ~  a ~ n o a c ~  wns definit&* acloptccl in the sum- 
mer of 1 CJ 17, t.lie OI)serni,t.ory, on hs owi  iniat,ive, nc1decl 
to t,he allownnce list an aneroid barome ter, a wet-.md- 
dry-bulb 1)s dironictcr, and a nia.stalicad zme~niomctw, all 
N:~.vy stiui(?tird cirt.iclea of which t,here was a stock on 
hand, so that the Air St.ations could keep a record of 
wea.t,lier , conditions coniniensurat,e wit.h t.lint kept on 
b o : d  vessels of t81ie Navy. 

The following wint.cr it. derelnpecl that t.liera \\-as need 
of more estm+i-.-p equipnirnt. An R peal to t.he Observa- 

t.heotlo!it.es for iiir sounding, and in t,he followin- summer 
the Ol)sci-mt.c)rT w-cnt into the mnrl.:et for a &ll set of 
nict.corologic:~i inst.runicnt~s for air st.at.ions in the Thited 
s ta t  cs. 

A st.cp in dviince in the wtiy of cooperatmion with 
foreign ohsarvers \-\'as macle a t  this t,ime by having the 
ch3:t.s on wliicrli records yere kcpt by recording instru- 
nieiit,s of va.rioiis t.y es print.et1 in niet,ric tinil centigrade 
sc:iles rnt:licr tlinn t, f ic usunl English units. 

Wintl miws  ere supplicd without regist.ers. for 
visual olwwvation only. ns it, \\-as c~irly rcrognizrc-l thn.t 
our biisintw tlc.:ilt, 1vit.h t.he upper nir currcnt,s an11 not 
with t.he surfaco winds. 

An nnmionieter recording the aasn.ge of air equal t.o a 

iiaval use before the war. These were issued to Air 
St*atioiis a t  home. Air Yt.ations abroad were supplied 
wit,h instruments obtained abroad wibhout an- action 
on the part of tlie Obsert.ator!-. 

Aftcr supplying instruments recor!ling in metric units, 
t.he ressure, t.eniperat,ure, ancl huniidity a t  the statmiom 
on s Y lore, t.he Obse;vtttorv t.urnet1 its nt tentmion to wind- 
measuring instrument.s T h e  Draper Inst,runient C'o, of 
New York, Sllp1Jhd 30 anemosco >es of thcir design. 

a t  any moment. giving a record which illustrates .the 
variability of the wind as well as it.s general direction. 
For wind pressure and velocity, the de artxnent iinally 

The cl~velopnient of the Aerogra.pliic Serric.e B t the 
home stnt,ions is rncticnlly t'hc work of Ensign E. B. 
Buck, ZT. S. N. %. E'. &rst he had charge of the 
aerographic students a t  the Blue Hill Observatory: later 
as an Rssistnnt t.o the Director of Nnvnl Avktion, he 
advised n s  to the detail and stn.t,ion of the aerographic 
officers he lind trained, and iinnlh-, RS an assistant to 
t,lie superintendent, of tlie Naval Observatory. lie han- 
d e d  the niinutiw of gettin.. tlie home stations equipped 
and opera.tions s t n r t d .  k e y  West., Alianii, Chatham, 
Halifas, and San Diego were actuslly a t  work keeping 
records and making forecasts u t  the time the armistice 

t t q -  was matle in l)eceniber, 1917, P or pilot balloons and 

w-ind movement of 1!60 of a mi P e hnrl been adopted for 

These inst~i.unients s1i1.w the essct c \ irect.ion of the wind 

adopted a nioclific.nt.ion of Dine's anemo 6 isgraph. 


